Objective To evaluate the interobserver reliability of a new scale created for quantitatively assessing brain swelling in traumatic brain injury (TBI) patients using the computed tomography (CT) findings in three levels.
Introduction
Traumatic brain injury (TBI) is a major cause of death and morbidity among young adults, and many studies investigate prediction factors of mortality among these patients. 1 The severity of these lesions is increasing in developing countries. 2, 3 One of the most devastating consequences of severe TBI is brain swelling, which results from either vascular engorgement or accumulation of excessive fluid in the intraor extracellular space. 4 Brain swelling follows the increase of intracranial pressure (ICP), occurring in 16% of all TBI victims 5 and in 28% of pediatric head-injured patients. 6 Unfortunately, even in high-income countries, ICP monitoring via a fiber optic monitor or via an adaptable external ventricular drain (EVD) system is not performed in every patient, 7 highlighting a problem on how to manage these patients. A controlled trial 8 comparing pressure monitoring with clinical evaluation and imaging by computed tomography (CT) scans has shown similar outcomes. In fact, in day-to-day practice, when the trauma team faces a patient without ICP monitoring, the use of serial CT scans (a widely available imaging tool in emergency rooms) might help the management of sedation or adjusting therapeutic intensity levels. Although CT scan findings of effacement of cortical sulci and cisterns are described as prognostic variables in some studies, 8, 9 the usefulness of CT in the management of TBI patients is rarely described, probably because these variables are often assessed subjectively.
Moreover, the tomographic scales available 10,11 are assessed only to predict outcomes, and they have no role in guiding the therapy of brain swelling in the emergency room or in the intensive care units (ICUs). To our knowledge, there are no radiologic scales to assess the dynamic changes that may occur on the brain following TBI. Therefore, a tomographic classification system that allows the quantifi-cation of brain swelling and the comparison between the features of the exams is of great importance.
In the present study, the authors propose to evaluate the interobserver reliability of a new scale proposed to analyze traumatic brain swelling by using CT, which takes into consideration the status of the sylvian fissure and of the cortical sulci.
Methods

Study Design and Participants
This is a diagnostic accuracy study of interobserver reliability evaluation of CT scans of severe TBI patients showing brain swelling, in victims > 16 years old admitted in the emergency service of a public hospital for the management of closed severe TBI.
Tomographic findings of focal injuries requiring surgical intervention (hematoma volume > 25 cc) and midline shift > 5 mm were excluded from the sample. The CT scans made up to 35 minutes after the arrival at the hospital, after all life support and/or resuscitation measures had been applied, were compared with CT scans randomly selected in a tertiary hospital database for the calculation of interobserver agreement. A total of 20 brain CT scans were randomly selected (using the Web site random.org for generating sequential medical record numbers) from the image database of the hospital (Philips iSite PACS; Philips, Amsterdam, Netherlands) to be used in the present study.
Ethics
Prior approval by an ethical committee was waived in the present study (protocol number 00119/10), because it was entirely based on medical records and archival images. The participants in the present investigation were all physicians and they had no contact with the patients for the evaluations made, only with archival material. Still, confidentiality was Métodos Tomografias computadorizadas de pacientes com TCE grave foram selecionadas aleatoriamente a partir de um banco de imagens de hospitais terciários e avaliadas por grupos independentes de neurocirurgiões, residentes de neurocirurgia, radiologistas e intensivistas do mesmo hospital. Cada especialista avaliou os achados tomográficos, aplicando zero a seis pontos em uma nova escala. O coeficiente Kappa foi calculado para avaliar a concordância interobservador.
Resultados O maior coeficiente de confiabilidade foi obtido pelo grupo de neurocirurgiões (0,791, intervalo de confiança [IC] de 95%: 0,975-0,607; p < 0,001), seguido pelo grupo de residentes de neurocirurgia (0,402; IC95%: 0,569-0,236; p < 0,001) e o grupo de radiologistas (0,301; IC 95% 0,488-0,113; p < 0,002). O menor coeficiente foi encontrado entre os intensivistas (0,248; IC95%: 0,415-0,081; p ¼ 0,004). Conclusão A escala proposta mostrou boa confiabilidade entre os neurocirurgiões e moderada confiabilidade geral. Essa classificação tomográfica pode ser útil para auxiliar melhor as vítimas graves de TCE, permitindo identificar o agravamento ou melhoria do inchaço cerebral, que deve ser mais investigado. A escala parece ser viável, mesmo em países de baixa renda, onde o custo da monitoração da pressão intracraniana (PIC) é maior que o dos TCs.
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assured by anonymity of all patients, as identifications were kept confidential. All of the participants in the present study (the physicians evaluating the CT scans) agreed to make the evaluations voluntarily.
Procedures
All patients had undergone a skull CT in the same service using a CT750 HD Lightspeed 64-slice CT Scanner (GE Healthcare, Chicago, IL, USA). After downloading the key images from the image database, 12 evaluators with different back-ground and levels of experience observed the images according to the criteria described below. The criteria were explained to each professional individually and personally.
The evaluators were: three board certified neurosurgeons, three neurosurgery residents, three board certified radiologists, and three board certified intensivists. These evaluators were physicians of the hospital staff who agreed to participate in the study. Baseline data of the patients were retrospectively collected from the medical charts. The 12 evaluators were blinded for the clinical data on the medical charts and they evaluated the CT scans individually, without interference from other colleagues.
Imaging Review
The analysis should be performed based on a zero to sixpoint scale, created especially for the present study, which aims to quantify the degree of cerebral swelling after a severe brain injury using three tomographic slices, on three different levels: convexity cortical sulci, sylvian fissure/ambiens cistern, and anterior cisterns (►Fig. 1). For each level, the evaluators should assign zero points if the aspect was considered as normal, one point if the referred structure (cistern/sulci) was compressed, and two points if it was absent (►Figs. 2 and 3). Each participant was free to use as much time as he/she needed to evaluate the scans according to the new scales, as time was not previously set up.
Statistical Analysis
The Kappa coefficient was used to quantify the interobserver agreement between the reviewers. To verify the correlation coefficient and interpret the strength of agreement, a commonly cited scale proposed by Landis et al 12 was adopted:
(a) Almost perfect agreement: 0.81 to 0.99; (b) Substantial agreement: 0.61 to 0.80; 
Results
A total of 20 nonenhanced head CT scans of 20 patients sustaining closed TBI were randomly selected for the analysis in the study period. All of these 20 CT scans were evaluated by the 12 evaluators.
A total of 16 patients were male, and the average age was 40.3 years old. A total of 13 patients sustained high impact injuries, 6 were victims of fall, and 1 had an unknown mechanism of trauma.
The reliability evaluation of the scale in the neurosurgeons group was 0.791 (95% confidence interval [CI]: 0.975-0.607; p < 0.001), classified as a substantial agreement according to Landis et al. 12 In the neurosurgery residents group, the coefficient was 0.402 (95%CI: 0.569-0.236; p < 0.001), considered as a fair agreement. The radiologists showed also a fair agreement, with a correlation coefficient of 0.301 (95%CI: 0.488-0.113; p ¼ 0.002), and the lowest coefficient was found among the intensivists group (0.248; 95%CI: 0.415-0.081; p ¼ 0.004), representing a slight agreement. Finally, the overall reliability showed a moderate agreement (0.503; 95%CI: 0.549-0.457; p < 0.001).
Discussion
The present study is, to our knowledge, the first aiming to evaluate the reliability of a classification system created to quantitatively qualify the level of brain swelling among TBI patients using CT scans and considering the convexity cortical sulci, the sylvian fissure/ambiens cistern, and the anterior cisterns. The proposed scale showed an overall moderate reliability, which makes it feasible to be used in clinical investigations.
Some studies have shown the potential role of CT in predicting outcomes (Impact, Niejemein models) 13 considering the cortical sulci and the anterior cisterns. Other CT findings known as independent predictors of prognosis, such as midline shift or subarachnoid hemorrhage, were not used, since our main aim was to evaluate the amount of brain swelling and not the prognosis of an admission scale. We believe that the radiological scales to predict outcomes based on the admission CT findings were already adequately validated in different populations. However, these scales are not used in follow-up CT scans. For instance, there is no role of these validated scales on postoperative CT scans. As we aimed to evaluate the amount of brain swelling, we have also added the evaluation of the sylvian fissure/ambiens cistern.
The best result was found among neurosurgeons. This is probably related to the high number of TBI patients evaluated by the neurosurgeons and neurosurgery residents in everyday practice, as well as the extended time in which these professionals are responsible for monitoring these patients. The level of experience may also play a role and may have differentiated the results between the neurosurgeons and residents. However, we believe that, with proper training, it will be possible to obtain better results among different specialists. Considering the overall reliability of this scale, it may be used by different specialists who take care of TBI patients. The imaging features analysis may allow early identification of deterioration or improvement of brain swelling, which may be used as another tool when it's not possible to invasively measure the intracranial pressure. The diagnostic and prognostic value of the new scale should be further tested.
In the context of traumatic brain injury, the Rotterdam scale and the Marshall scale are useful tools that enable the gradation of trauma severity using imaging features, and they are equally useful to predict death in patients with TBI. 14 The last one is the oldest and most common scale used to classify TBI. The Rotterdam CT score is a radiological scale often used to analyze the status of the basal cisterns on the initial CT scan; one or two points are added if the basal cisterns are compressed or absent, respectively. Studies have shown that effacement of the basal cisterns is a potential prognostic predictor; 15 however, no data are available regarding the possible prognostic value of the sylvian fissure and cortical sulci statuswhich are now included in the new scale proposed here, which takes into account the basal cistern and also these two additional regions. Although not originally developed to be a scale to assess prognosis, high scores probably lead to a worse outcome, something that needs to be tested in future studies. Additional CT findings, such as hypointensities and signs of structural damages (hematomas, for instance, were excluded), were not taken into consideration. The implementation of standardized trauma care protocols in the initial approach of TBI patients has shown to decrease mortality. 16 The existence of a scale that allows objective and longitudinal assessment of brain swelling in everyday neurointensive care is of major importance. None of the existing scales proposes such kind of longitudinal evaluation, which would be of great importance, especially in comatose patients without ICP monitoring. Critical care physician management of sedation weaning could be optimized and become safer using this brain swelling scale, which can be used in patients classified as Marshall I to III lesions and, although not tested, may also be used on postoperative CT scans. The objective of the present study, however, was not to find correlations between the imaging findings and the clinical status (Glasgow scales, clinical outcomes, etc.); rather, the present investigation sought to verify whether the evaluation could be done by professionals of different backgrounds. The beginning of a new investigation on the clinical usefulness of the new scale should be preceded by prior evaluation of the possible lack of interobserver agreement that would arise when professionals with different backgrounds would evaluate the same images. As shown in the present study, the agreement was moderate, and can possibly improve with proper training of some of the specialists.
One may argue that the present scale does not consider some relevant predictors, such as midline shift or presence of petechial lesions. However, the main purpose of this scale is to allow the comparison of tomographic features within the same subject, mainly in patients in whom it is not clear whether the brain swelling is ameliorating or worsening. Moreover, the presence of specific hematomas or midline shift is already a clear tomographic feature that can require surgical treatment or an emergency clinical treatment. For example, considering a patient with an acute subdural hematoma with midline shift, the decision of surgical treatment can be easily defined. However, in coma patients with Marshall II lesions at admission, not monitored by ICP, the decision on whether to maintain or not the sedation is not straightforward. Therefore, the proposed scale may assist clinical decisions in these patients. Of course, the longitudinal evaluation of such a scale should be tested in properly designed studies.
There are a few limitations in our study. First of all, our sample size is small, although it has been enough to show that the scale may be feasible to assess in the clinical setting. Second, we proposed a new scale among many other radiological scales already available and well-established, which might be confusing for the professional dealing with emergencies. However, the proposed scale may be used in every CT scan, making comparison feasible between the imaging studies. Third, the groups of physicians did not receive a formal training to use the scale, only individual guiding prior to the evaluations, which was simple and not standardized. Therefore, our findings indicate that the overall agreement may possibly be increased by properly planned training, with registering of the time taken for evaluations.
Finally, a definitive outcome, such as mortality or prognosis in 6 months, was not assessed. An assessment of prognosis could definitely stratify the degree of swelling in mild, moderate or severe, for instance. However, our main objective was achieved, since the findings about the scale reliability were statistically significant and represent preliminary data of a prospective study we intend to conduct, which will address these issues.
Conclusions
The scale proposed in the present study showed moderate overall reliability and a substantial agreement in the evaluations of the neurosurgeons. The overall reliability of the scale is acceptable for the daily practice in the emergency rooms and ICUs. The highest reliability strength was found among neurosurgeons, and the lower among the intensivists. The scale seems to be feasible to be applied, especially in patients whose intracranial pressure is not monitored by an implantable catheter. The importance of this scale relies on the idea that CT scans are widely available, even in low income countries, where ICP monitoring is costly. Further studies assessing the impact of formal training of the clinicians on the overall agreement and assessing the association of the scale results with clinical outcomes and prognosis are essential.
